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FOREWORD 


In 1980, conceptuttl engineei’ing approaches to self-rcplicating: systems were 
achieved by von Tiesenhauscn [1] and Freitas [2], Their designs are based on von 
Newmann’s 13] kinematic version of self- replicating automata, The references [1,2] 
describe the limctional elements of such a system for the first time. 

This report expands on a specific area involved in a self- rep heating system 
according to Reference 1; the systems management and control and the organization 
of control elements. It is a very first approach to a rather complex problem solution. 
It is intended to provide only an outline of some of the asiiects of the problem os 
presently conceived, and makes no pretense to be definitive or comprehensive. 

It is hoped, however, that the presented approaeh will be of interest, provide 
comments, and stimulate further work in this area. 
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TKCUMICAJ* MKMOEANDUM 


MANAGEMENT AND CONTROL OF SELF-REPLICATING 
SYSTEMS: A SYSTEMS MODEL 

I, INTHODUGTION 


Thin 1 ‘opoi't udcli'ciaHCH n conaept foi* tho mnnagemont mid conti’ol of Solf- 
llopUcatiiHV »Systoma (SUS). Discussions of the oiig'incoidng' foaslbility of SUS have 
already appeared in the iiteruturo U,2], The pvirpoao of the present work is to pro” 
vide insight into the complex management and control roquiroments of sueli systems 
and to atimuiato further work in this area» 

The concept outlined liero la based upon the SES model developed in an carllor 
work 11], This modeJ, depicted schomatically in Figures l» 2, and 0, represents a 
Cully autonomous, general purpose factory which cim be deployed on the surfacoa of 
planetary bodies. Burface material is mined by excavation robots, The raw stock is 
delivered to a umtorlals processing (MP) subsystem which generates and transports 
industriul feedstock tc a parts production (PP) subsystem whoso output is maclvinos 
or ndditionai cosr.pononts. These parts are then used either to produce useful output 
or are passed to a "universal constructor" (DC) avibsystom for the construction of a 
duplicate factory complex nearby. Useful factory output is colleeted by the end 
product asHombly system tKPS), and unitary energy systems (ES) provide electrical 
power , 

BllBs behave nmeh like biological systems, so tiis management and control 
systems do.Hcrihed In this report have certain parallels with biological models (Fig. 'll, 
A single SUB unit is a system that contains all elements required to maintain itself, 
to manufacture desired products, and to selP reproduce the analogue of a biological 
cell. An undifferentinted BUS field exists after solf= replication fe\s generated a 
number of identical ropUcas that manufaoiure identical products -- much like the struc- 
ture of biological tissue. Finally, a differentiated SRB field consists of a number of 
vmdifferen tinted BUS fields integrated to provide elements for a common end product 
nnalogX)UH to biological organs. 


II. BUMMAEY OF FUNCTIONAL REQUtRKlMUNTB l^OR BUS 


Tim rmictkmal requirements for tiio succossfui design, development, deployment, 
and operation of an BUS are many, but among the most basio are the need to process 
Information, energy, and matter to permit both self ‘replication and usefui industrial 
production. The foliowing discussion presents a usefui taxononty of organissational 
levels for SRB faetories and the required information, energy, and matter processing 
functions at each level. 
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NOMENCLATURE 

MP - MATTER PROCESSING 

MD - MATTER DEPOT 

PP ~ PARTS PRODUCTION 

PDR - PARTS DEPOT REPLICATION 

POP - PARTS DEPOT - PRODUCTS 

PF - PRODUCT FACTORY 

PD - PRODUCT DEPOT 

PRS - PRODUCT RETRIEVAL SYSTEM 

UC - UNIVERSAL CONSTRUCTOR 


t 



Figfui*e 1. Schematic of a solf-repHcation system [1]. 
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Figure 3. SRS growth plcin (overview) (1] 



SRS CONFIGURATIVE RELATIONS 




Figure 4, Biological analogy of SRS, 



ORiQINAl PAGE IS 
OF POOR QUAUTY 

A. BRS Oi'pnl^ntlonal I«ovfilR 

The oveiHill OJ?ganixatlonfll HU^uotUPe of HRB fieWa lia» l^een divided into fow 
Opomtional hevols ria «hown in Figura 5, BInglo BllHs are tlie Hlmpleat and belong 
to bevel I. The BRB iti an autonomouB nystom whieh proceaseR information and energy 
to convert new material into produeta and into repllcaH of itself (Figi 0)* The funda^ 
mental responsibility of a Level I SRB management and control ayatom is the nminte- 
nance of a fully functional SRB under all foroHOonhlo circumBtancos. This requirement 
nominally ovorrldea any other, depending on the degree of comploKlty of tlie particu- 
lar SKIS and on the avoilablo knowledge and protlictahiUty of the environment In which 
the SRS is to function* 


LEVEl 

OaOANIZATION 

COMPOSITION 

IV 

BBVGRALOiFFEnfiNTIATEDSnS FIELDS 

SEVERAL SYSTEMS 
OF LEVEMII 

111 

SINOLG DIFFERENTIATED SRS FIELD 

SEVERAL BY8TEM1 
OF LEVEL a 

II 

UNDIFFERENTIATED SRS FIELD 

NUMEROUS SYSTEMS 
OF level J 

1 

SINGLE SRS 



FlgUi’o 5. SRS field systems structui’O. 



Figure 6. Basic SRS functions. 
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A field of idonticnl SHSb is n I^vil II Offranl ration. Tlie function of tlic8o 
fiolds consists of the comhinod individual functions of all SRSs comprlsingr the field, 
Those functions run essontiully in parallel and independent from each other, Tlie 
only conneetinjr link between tlw individual SRSs are the End Product Collection 
Bystom which gathers the individual, identical products at the collection point for 
further action, and the Energy System which is centralirad and supplies all individual 
SIlSs with electrical energy 11], 

There can bo several different Level II orgnniratlons, each one distinguished by 
a different product, Several of these can be combined into a differentiated SRS field 
which then forms a I^ovel III organisation (Fig, 7), These may consist either of 
Individual SRBs, each of which manufactures a different product or subassembly of a 
larger product, or may consist of numerous undifferentiated SRS fields with different 
products or subassemblies coming from each products are either final output or 
they must bo further assembled Into larger entitles. 

Those three Levels comprise the major forms of replicating systems organlratlon 
involving individual SIlSs, undlfforentiatod and differentiated fields (Fig, 8). One 
could also conceive of a Level IV organ! ration that combines a number of Level III 
fields. Level IV is not covered lioro. 


II. Three Basic SRS Functions 
An SIIS performs the following throe basic functions*, 

1) Information processing 

2) Energy processing 

3) Matter processing, 

Those pi’ocosses are InterUcpondont and must bo Integi’atsd with each other. They 
must bo carried out on each Level but with a different scope of activity in each case 
(Fig. 9). 

The heart of SRS manngomont and control is information procossing. This 
guides the processing of bulk energy and raw materials which is employed to achieve 
solf^replication and useful production. Spocillc management and control information 
processing roquiroments for each organlratlonal level are given in Figure 10. 


For reasons of efficient self- replication, a central solar photovoltaic energy 
conversion system is assumed to exist, to which each Individual SRS fms contributed 
Its shux’e [1], This system is supplemented with a chemical energy storage system. 
The distribution of cloetrlcal energy to the individual SRSs and within each SRS is 
by cable or microwave, Within each SRS the electrical energy is converted into the 
desired altornato energy forms whether mechanical, thermal, plnsmic, or electro* 
mognetic (Fig. 11). The specific management and control requirements for energy 
systems are outlined In Figure 12. 

An SES has n complex metabolism [1,2], At one end raw material is gathered, 
followed by analysis which sepai*ates the desired elements and compounds from the 
incoming bulk material. Subsequent steps involve the synthesis of speciBc materials, 
the production of feedstock and parts, followed by the assembly of products and 
replicas. Bystems maintenance and repair also use specific parts. Waste material Is 
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Figure 9, Functions ivitMn SRS organizational levels 






















LEVEL I - THE INFORMATION THAT MUST BE AVAILABLE TO AN INOIVIDUAI SBS HAS TO 
FULFILL THE FOLLOWING REQUIREMENTS; 

• FUNCTIONAL MANAGEMENT AND CONTROL OF ALL INTERNAL SRS SYSTEMS, SUBSYS- 
TEMS, SEQUENCES AND FUNCTIONAL ELEMENTS, AND SYNCHRONIZATION AND 
BALANCING OF ALL SRS OPERATIONAL AND FUNCTIONAL CONDITIONS AND EVENTS, 
THIS INCLUDES SELF*MAINTENANCE AND REPAIR FUNCTIONS. 

• PROPER RESPONSE TO CRITICAL EXTERNAL ENVIRONMENTAL SITUATIONS AND EVENTS 
and THEIR COORDINATION WITH INTERNAL MANAGEMENT AND CONTROL FUNCTIONS. 
THIS INCLUDES THE REPRODUCTIVE CYCLE, 

• OPTIONAL FOR SPECIAL CASES - AUTONOMOUS DECISION MAKING AND PROBLEM- 
SOLVING IN UNPROGRAMMED SITUATIONS AND EVENTS AND COORDINATION WITH 
INTERNAL AND EXTERNAL CONDITION MANAGEMENT SYSTEMS. 

THE INFORMATION PROCESSING SURSVSTEM MUST BE CAPABLE OF SERVING EACH RfcPLICA 

DURING THEIR CONSTRUCTION PHASE UNTIL THEIR AUTONOMY HAS BEEK ESTABLISHED 

THROUGH THEIR OWN INFORMATION PROCESSING SUBSYSTEM. 


LEVEL II - MANAGEMENT AND CONTROL INFORMATION WHICH MUST BE AVAILABLE IN 
UNDIFFERENTIATED SRS FIELDS INCLUDE THE FOLLOWING! 

• RATE OF FIELD GROWTH AND INSTANTANEOUS NUMBER OF SRS S CONTROL 

• PRODUCTION RATE GROWTH AND INSTANTANEOUS PRODUCTION RATE CONTR^’L 

• TERMINATION OF FIELD GROWTH WHEN PLANNED PRODUCTION CAPACITY HAS 
BEEN ACHIEVED. 

• PROVIDE REPROGRAMMING SERVICE IF REPRODUCTION ERRORS (MUTATIONS) 
OCCUR IN INDIVIDUAL SRS UNITS. 

• CONTROL OF THE ENERGY SYSTEM (ES) PARTS TRANSPORT FROM SRS ASSEMBLY. 

• CONTROL OF THE EPS, INCLUDING PARTS TRANSPORT FROM SRS ASSEMBLY, 

• POWER DISTRI BUTION TO EACH SRS, 


LEVEL III - MANAGEMENT AND CONTROL INFORMATION NECESSARY FOR DIFFERENTIATED 
SRS FIELDS INCLUDES: 

• BALANCING AND SYNCHRONIZATION OF THE DIFFERENT PART PRODUCTIONS AND 
THEIR TRANSPORT TO THE CENTRAL EPS. 

• MANAGEMENT AND CONTROL OF THE CENTRAL EPS, 

• COORDINATION OF ALL LEVEL II INFORMATION PROCESSING. 


10. Managiemenit wid conti‘ol fimoUoiis iti infoi’ination processing'. 
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LEVEL I « SINCE EACH SRS RECEIVES POWER PROM THE CENTRAL ENERGY SYSTEM VIA A 
MAIN POWER CONTROL. THE LEVEL I REQUIREMENTS ARE: 

• POWER RECEPTION. CONDITIONING, AND CONVERSION AND CONTROL AS REQUIRED $Y 
THE VARIOUS SRS "USER" SUBSYSTEMS. 

• POWER SUPPLY TO THE SRS REPLICAS UNTIL THEIR POWER RECEIVING STATION HAS 
BECOME OPERATIONAL. 


LEVEL II « THE CENTRAL POWER SUPPLY MANAGEMENT FOR UNDIFFERENTIATED SRS 
FIELDS *5 SITUATED AT THIS LEVEL 


LEVEL HI « AT THIS HIGHEST LEVEL. THE POWER SUPPLY BALANCE IS COORDINATED AND 
CONTROLLED, IN A DIFFERENTIATED $RS FIELD, THERE IS ONE CENTRALIZED 
ENERGY PROCESSING SYSTEM FOR EACH UNDIFFERENTIATED SRS FIELD CONTAINED 
WITHIN IT. 


I’lg'iu'O 12. RlomigXHUoiit «ml control runcUons In onorgy procojising. 

g'atliored and eitlun* dlseardod or roeyclGd (Fig% 13). 51anagxjmont and control 
roqulromonta aro briefly outlined in Figure 13, 

III. SUH MANAGHMKNT AND CXlNTROb 


In view of the coiusidorablo scope of lunctionai roquirements of Individual SESs 
and their fields, a broad new concept of umnag'ement and control systems must bo 
developed. The multitude of roqulrod SRS regulatory and foedback inochanisms will 
be of a vast complexity exceeding any artifieial system heretofore ooneeived. The 
extraordinary demands that must bo placed on the autonomoiis SRS management and 
cx)ntrol system are only partially reeogni’^od at this time. This report attempts to 
provide basic concepts for SRS managemont and control, starting from higludovol 
aspects and progressing to concreto and doscrlbable functional elements, The basis 
of this approach is the ro(iuirement of total Integration between the demands of 
internal SRS functions and the effects of tlie SRS envlTOnmont on those functions, 
since the relations between an SRS and its environment are a crucial factor In 
.Hueeossful operations . 

A highly organixod and (jomplox artifieial system like SRS in an external environ-^ 
meat with a relatively higit degree of disorder requires an extremely soloctlvo exchange 
between internal and external environments in order to maintain system integrity, 

This requires insulation from all influonees and external stimuli not of vital importance 
to SRS funcUoning. Tibs basic design philosophy must be adopted regardless of the 
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LEVEL I 

synchronization, coordination and balance of numerous flow* ratios 
RECYCLING AND WASTE MANAGEMENT 

MANAGEMENT AND CONTROL OF UNIVERSAL PARTS PRODUCTION 
MANAGEMENT AND CONTROL OF ACTIVITIES AND SCHEDULES OF THE UNIVERSAL 
CONSTRUCTOR 

COORDINATION AND MANAGEMENT OF INDIVIDUAL SRS CONTRIBUTIONS TO THE ES AND 
EPS WHICH ARE THEMSELVES MANAGED AND CONTROLLED BY THE LEVEL II ENERGY 
AND MATTER PROCESSING SUBSYSTEMS, RESPECTIVELY. 


LEVEL II 

COLLECTION AND ORGANIZATION OF INDIVIDUAL SRS PRODUCTS IN THE EPS FOR FURTHER 

ASSEMBLY 

COLLECTION. TRANSPORTATION, AMD FURTHER UTILIZATION OF FINAL PRODUCTS 
MANAGEMENT AND CONTROL OF THE ES ASSEMBLY (DURING THE SRS REPLICATION 
PERIODS) USING CONTRIBUTIONS FROM INDIVIDUAL SRSi 
MANAGEMENT AND CONTROL OF THE ES AND EPS 


LEVEL ill 

MANAGES AND CONTROLS THE MATERIAL^! E'ALANCE OF THE ENTIRE DIFFERENTIATED 
SRS FIELD. 


Figure 14. Management and control functions in matter processing. 

degree of environmental information available because it allows a more general-purposo 
approach while increasing SRS functional reliability by reducing the level of distrac- 
tion. 


Accordingly, we define a concept which postulates an internal system for 
autonomous management and control, supplemented by an externally oriented 
environment monitoring system as a separate but coordinated unit, with an optional 
tliird "intelligent" system which may be required in especially chaotic environments 
(Fig. 15). 


A. Autonomous Management and Control (AMC) System 

In a completely defined and static environment an SRS could, in theory, operate 
with a fixed program of instructions which implements information, energy, and matter 
processing management exclusively without any direct external inputs (since the 
environment is presumed completely specified and unchanging). Such an entirely 
autonomous management and control (AMC) system is the basic building blocR for all 
operational SRS control. In some limited applications, an AMC system alone may 
suffice for essential completion of well-defined, simple tasks. 

The AMC .system constitutes the concentration of reactive regulatory systems 
for optimal management and control of all internal SRS functions with consideration of 
a vei’y large number of conditions and requirements. The AMC system must itself 
be independent of all internal imbalances in order to be capable of reacting to achieve 
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MANAGEMENT AND 
CONTROL SYSTEM 

BASIC FUNCTIONS 

AUTONOMOUS MANAGE- 
MENT ANC CONTROL 
SYSTEM (AMC) 

REACTIVE REGULATORY FUNCTIONS 
FOR OPTIMAL MANAGEMENT AND 
CONTROL OF ALL INTERNAL SYSTEMS 
BY COMPARISON WITH A GLOBAL SYSTEMS MODEL 

EXTERNAL MANAGEMENT 
AND CONTROL SYSTEM 
(EMC) 

RESPONSE TO EXTERNAL SITUATION 
AND EVENTS THROUGH STORED 
PROGRAMS TO MAINTAIN THE 
FUNCTIONS OP THE SYSTEM IN 
A CHANGING ENVIRONMENT 

INTELLIGENT MANAGEMENT 
AND CONTROL SYSTEM 
(IMC) 

VOLUNTARY, INTELLIGENT ACTIONS, 
DECISION MAKING AND PROBLEM 
SOLVING IN NOVEL SITUATIONS 
THAT CANNOT BE PRE-PROGRAMMED. 


Fig'uro 15, SRS mfinogBmont and control approach. 


tlif*. restoration of equilibrium. The AMC system is orNly indirectly affected by the 
onvironmont us far as system performance Is concerned and has no direct acce/ls to it. 

In addition to its reoctlve functions, tlic AMO .system must contain a substantial 
accounting’ package to coordinate nil Internal operations and transport movements, and 
to control the continuously changing status of all critical system elements. In order 
to oversee all functional performances, each AMC sy.stom requires a global model of 
it,s asHoeiated SRS or SRS field(s). This model gnrrios an exact description of the 
SRS or field and its nominal functions, states, and equilibrium parameters. Incoming 
signals arc continuously compared with the stored model. Any deviations indioating 
abnormal conditions will activate automatic remedies and compensations. These are 
initiated and maintained until the abnormal situation is rectified. This model or pro- 
gram is fixed for a speoific ibSS /field configur'.tion. 


As mentioned in Section Iff. A, in some limited applications, an AMC system 
ulono may suifiee for essential completion of well-defined, simple tasks. This includes 
product manufacturing’ and self -reproduction under limiting conditions. These two 
functions are ordinarily assigned to the EMC (Section IIl.B). 

The I’esponsibilities of the AMC system are outlined in Figure 16, 
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OF poem 


t.EVEt. I 

HI INFORMATION 

• COMPLETE INSTRUCTIONS PROGRAM AND PLAN 

• ABNORMAL CONDITION FEEDBACK SYSTEM 
« EMERGENCY READINESS 

12) ENERGY 

(b) energy supply 

a CONVERSION SYSTEMS 
a STORAGE 
a DISTRIBUTION 
a SUBSTATIONS 
a BACK-UP SOURCES 
a POWER CONDITIONING 
(b) ENERGY BALANCE 

a MATCHING SUPPLY AND DEMAND 

a LOCAL ENERGY CONVERSION (MECHANICAL, CHEMICAL, ELECTRICAL. PLASMA, 
THERMAL) 

a THERMAL BALANCE (TEMPERATURES) 
a EMERGENCY READINESS 

(3) MATERIAL 

(B) MATERIAL FLOW 
a ACQUISITION 

a PROCESSING (CLOSED CYCLE) , 

a PRODUCT manufacturing \ POR SRS. WITHOUT EMC ONLY 

a SELF^REPRODUCTION f FOR SRSi WITHOUT EMC ONLY 

(b) MATERIAL TRANSPROT SYSTEMS 
a RAW MATERIAL 
a FEEDSTOCK 
a PARTS 
a WASTE 
a ASSEMBLY 

a UNIVERSAL CONSTRUCTOR 
a PIPES, VALVES 
Id) EMERGENCY READINESS 


LEVEL II 

(1) INFORMATION 

a SYNCHRONIZATION OF ALL SRS (LEVEL I ) AMCi 

a REPROGRAMMING INDIVIDUAL SRS INSTRUCTION PROGRAMS AND PLANS IN CASE 
OF PRODUCT CHANGES OR WHEN MUTATIONS OCCUR. 

(2) ENERGY 

a ES ASSEMBLY 
a ES AUTONOMOUS OPERATION 

(3) MATERIAL 

a RESOURCE SURVEYS 

a EPS ASSEMBLY 

a EPS AUTONOMOUS OPERATIONS 


LEVEL I II 

(1) INFORMATION 

a SYNCHRONIZATION OF ALL LEVEL II AMCi 
a REPROGRAMMING OFALL LEVEL II AMCi 

IN CASE OF PRODUCT CHANGE OR GENERAL PLANNING MODIFICATIONS 

(2) ENERGY 

a ES COORDINATION 

(3) MATERIAL 

a EPS COORDINATION 


Figure 16. Functional responsibilities of the AMC systems. 



omOlNAl- PASE ® 


n, Extovnnl Manugomont an(i Control (EMC) Syntum 

An SHE (‘onHiilutoH a ooinplox Hyatoin which mu«t maintain a high rlngi’oo of 
intci’iiui in Uh actlvltlcB ugiiinat tho cliHordoiing influencoH of an often varlahle 

and Komctinu»s’ cdiaotic external environment (Fig. 17). Minimal functional deviations 
within thcHc aetivitioB. if allowed to continue and propagate unchecked, would cause 
a eollapHC of the delicate balance among tho many intordopondent sequences of events 
within /m HHH or HEH fiohl and destroy tho countless individual activity rhythms 
that must ho precisely tuned and synohronlKed. 


TERRESTRIAL 

GROUND 

SURFACE 

UNDERGROUND 
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SURFACE 

SUBMERGED 

BOTTOM 

LUNAR 

GROUND 
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UNDERGROUND 

PLANETARY 
& SATELLITES 

GROUND 

SURFACE 

UNDERGROUND 

ATMOSPHERE 
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♦DESCRIBED IN REFERENCE 1 AND 2 

Figure 17. Potential SRS environments. 

The onvironaient determines the Gharacteristics of the SRS products and the 
spodfie lyp(' of SRS systen> elements and their basic design. Therefore, the nature 
of tiio SR.S environment must ho welh known. This is particularly important because 
during tno HRS reproductive phase there is extensive mobility involved in seeldng 
and moving towards new sites to be occupiod by replicas, The paths toward these 
new sites ami the sites thoaisclves may have different environments than exist in the 
location of the jjrimary system. 

In order to deal with a variety of external situations and events, and to 
respond to foreseeable but unpredicted envix’onment conditions and events, the SRS 
must have a sol of stoi’ed , onvii’onmontally- sensitive programs which contain appro- 
priate responses to supplement those provided automatically by AMC systems. These 
i^esponses must bo activated in case of external conditions which significantly diverge 
from an established norm, To protect the system from an infinitely large number of 
external stimuli and to maintain a practical minimum of exchajige, inputs are required 
to exceed pre established threshold values to initiate a response. In extreme cases 
where maximum response is needed at once, all other thresholds must be raised 
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niUomatJ«nlly until the original ronpoiiHO is oomplotetl. TUrosholdlng is controlled by 
a conlrul infornaiUon proct'SHiug systoai with fixed response priorities. 

Internal SHS functions and operations are constant or vary In known ways, 
whereas onvironmentnl evonts are at best periodically variable and at worst randomly 
vnriablo in their effects upon HRS operations. AMC aystoms maintain SRS and SRS 
field internal intogrlty in the fora) of a synchronized closed unit of action and 
reaction . but these aro not designed lo maintain nominal functioning and Internal 
Btabllity in the iheo of significant environmental variations. This duty falls to the 
External Management and Control (EMC) system. 

The principal functional ro8ponsibllltiQ& of the KMC system are! 


1) To reduce the nmltitudo of expressions of the onvii’onmcnt to a maximum 
hkoUliiOod limited number of standard situations to whicli an equal number of readily 
available reaction programs respond. 


2) To gonoraliy clmracterize all objects within a specific scenario through a 
minimum of criteria tliat roprcsonl a particular object. In this process individual, 
identifying, and unique characteristics will he disregarded. This provides for maxP 
mum economy of necessary vital information acquisition l)ccause, as a consoquonco, 
all individual, conerote objects of the same type arc now Intorchangoablo and the 
proper automated responses can ho uecomplishcdv 


P„A: 


3) To provide a progruni store for selected vital learning oapi 
gram memories are initially vacant to porniit ’’imprinting" at the time the SRS 
encounters sensory inputs which indicate a situation the AMC system cannot handle 
alone, Ijoarning eapabilitios remain vital tlireugh the SRS life cycle, becoming part 
of n fixed proginim within the EMC system. 


In order to avoid saturation of the EMC systeai and to protect the integrity of 
an SRS or SRS field, not every external event will be registered or responded to*, 
otherwise, the environment would generate a constant and potentially confusing 
bombardment of stimuli on SRS sensors. While AMC system sensors respond to 
abnormal conditions ns compared to a fixed reference state model, the EMC system 
employs a threshold approaeh which blocks any external stimulus unless an estab- 
lished minimum or maximum threshold is exceeded. An added feature shall bo the 
threshold level control which can lower or raise specific threshold values. This 
would allow concentration of resources when necessary to deal with selected priority 
inputs as triggered by unusual eireumstancos. 

The specific tasks of EMC .systems, generally and for each organizational bevel, 
arc summarized in Figure 18. 


C. Intelligent Management and Control (IMC) System 

The AMC and EMC systems aro vital and should suffice for most SRS applica- 
tions. liowevor, circumstances may x‘oquirc more than the cxcreise of elementary 
functions for survival, production, and replication, and more than carrying out fixed 
program instructions and reacting to the environment within rostrictod limits. 
Occasionally a novel situation may require a reGognition and understanding of an 
objective environment, leading to intelligent evaluations of situations that may have 
major effects on SRS functions tmd operations. 
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ORieiNAU PAGE !S 
OF POOR QUAUTY 


CJBNeriALLY 

• CONTROU CBNTER POB AUL PROaRAMMIO ACTIVITIB8 AND MOTION! 

• PROCE88INQ OP BNVIRONMeNTAi> INPORMATION 

• PRIMARY CONTROL OP 0ALANCiO8Y8Tf Ml ACTIVATION 

• PROORAMMEO ROIHONSBI TO ENVIRONMENTAL EVENT! AND SITUATION! 

f COMPLETE PRQORAMMINO OP COMPOBITE ACTIONS COORDINATION {«.g.« MAINTENANCE, ITOP^NtMIO OP 
SU0IYITEMSI 

• ENVIRONMENTAL ADAPTATION OP PROORAMI 

• READY ACTION PR0QRAM8 

• MANAGEMENT OP RELATIVELY LIMITED NUM0ER OP STORED. rR|PA0R|CATID PROGRAMS POR RUT, 
MATERIALS OATHERINO, MAINTENANCE, EMIROENCV, REPUCATi^ON, INTERNS RS COMMUNICATIONS, 
SPATIAL ORIENTATION. AND SOLUTIONS TO ANTICIPATSO EHIQENOIEI. 

• FINE TUNING OP THRESHOLD FUNCTIONS TO ALLOW PRIQBITIEATION OP OPERATINO PROORAMI 
OEPENDINQ ON THE CHANOINQ DEMANDS OP THE EXTERNAL ENVIRONMENT. 

« THRESHOLD REGULATION AND ACTIVATION 

• passing on critical environmental sensory DATA TO THE AMC POR CONTROL 

« INTEGRATION OP EXTERNAL INITIATING STIMULI WITH ITORiO PROGRAMS <IACH OP WHICH CONTAINS 

SPECIFIC REACTIVE PATTERNS OF ACTION) 


LEVEL I 


nilNFORMATION 

• ENVIRONMENTALINPORMATION 

« ELECTROMAGNETIC RAPIATION SENSING 
«. TOUCH SENSING 
AUDIO SENSING 
<=. MATERIAL SENSING 
« OPERATIONAL SENSING 

• OPERATIONAL COORPINATION 
m SELCCTIVB LEARNING 


rnfvrifi r • ? tr»w 

PROCESS CONTROL 
INFORMATION INTEGRATION 
ENVIRONMENTAL INFORMATION CONTROL 


12) ENERGY 

• THERMAL CONTROL 


(3) MATTER 

• MAINTENANCE (SELF) 

• MATERIAL JNPUT SUPPLIES 
■ REPLICATION 

• PRODUCT MANUFACTURING 


LEVEL 11 

ID INFORMATION 

• TOTAL FIELD ENVIRONMiiNTAL STATUS INPORMAFION 

• FIELD GROWTH PLAN 

• NFW EXPANSION AREA EXPLORATION 

• SELECTED LEARNING 

• SENSOR RE CALIBRATIONS 

• NEW SENSOR REQUIREMENTS 

(2) ENERGY 

• OVERALL FIELD ENERGY AND THERMAL BALANCE 

(3) MATTER 

• EXPANSION AREA MATERIAL ANALYSES 


LEVEL III 
(D INPORMATION 

• TOTAL ENVIRONMENTAL STATUS INFORMATION 

(2) ENERGY 

(3) matter 


Fisiiro Functional responsibilities ot the BMC systems. 
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'rhiB woukl j'ociulrc Uu) sfiipnUIlily to tuko voluntnt‘yi non |)roi)i‘ogi'nnimo(l 
IntolUg'ont JioUonH and to mako (leoiaionH and hoIvo problomH, Thoreforo, u third 
cUiBB of managemont and control ByBtQin requiring maohino intelligence may ho 
noecisary, cnllod the Intolligent Management and Control (IMC) system, rhe IMG 
system Is capable of providing an objective, rational view of the environment which 
maximizes SllS I’esource utilization in rosponHO to external conditions and situations. 

The IMC system must operate with a minimum of interference with the vital 
activities of AMC and EMC systems, Access to the AMC system should bo blocked , 
and access to the EMC system should bo on u coordinating and amplifying basis only, 
The functions of the IMC system arc Umgely In the information acquisition and genera - 
tion area. Energy- and mattor^orlontod functions would be affected indh’octly only 
through communication with the Information processing subsystems. An IMC sys- 
tem should only be available nt the highest organizational level, either Level II or 
Level ni. This helps to preclude inconsistent or conflicting actions omong the vaidous 
systems involved, 

SpecU'io functions of Urn IMC system includes 

1) Lojirning 
Memorizing 

3) Reasoning 

4) Judgment 

6) Problem solving 

6) Decision-making 

7) Objective sensory perception of the envh’onmcnt 

8) Non-prcprogi'ammed oction capability and control within priorities set by 
the EMC system. 

The IMC roquiros the following components; 

1) Environment input systems 

2) Store of factual beliefs and knowledge 

3) Storage cnpabllity of resources (o,g. , a dictionary and past experiences) 

4) Catalogue of resources 

5) Motivational store 

.6) ProcGss'purposc index (action-motive index) 

7) Temporary structures associated with ongoing information processing 

8) Central administrative process system 
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ORIGINAL PAGE IS 

OF POOR QUALITY 

9) H(‘t of n»)niloring’ pi’oooBH HyntornB irusUiding purmimom , gon«rul' purposo 
monitoi’B uml othois movo Hpocialiwjd oiiob, Bot up lomporurily uuuoi'diug to needs 

10) Hott'OHpoetlvo imalyBie pj'oooss Byatem, 

The AMC and KMU HyntemB are roquiived at eaeh of the three organizational 
levels. The IMG system is a top love I function only (Fig, 19), The levels of 
necessary communication to accomplish management and control are shown In Figures 
20 and 21, Figure 20 shows, in addition to the Level I AMC and EMC systems, that 
each SRS oloment has its own sub AMC and sub EMC which regulates within its 
domain the local fnnetions of the rcBpectivo eloments. The degree of coverage of 
those elements requires further study. 


IV. 


SYSTEMS RECYCLING, SPECIALIZATION, 
IN FO RM AT ION REP LI CAT ION 


AND 


Since an SRS replication phase is limited through preprogTammed instructions, 
it could bo practical and beneficial for each SRS to dismantle its reproductive 
mechanisms once they are no longer needed, and utilize the parts for production 
directly or, after reworking, buck in the raw matorial or feedstock lines* Similarly, 
if additional replication or growth activities become necessary and these facilities are 
no longer available, part of the production plant could be converted to serve this 
purpose. Management and control systems must be able to adjust to any such new 
structural and functional configurations, optimizing their usage and retaining control 
over their deployment and operations at all times. 

Inner field *SRHs may eventually run out of raw matorial. While initiaUy the 
quantity of matorial is almost unlimited and BRS operations would not significantly 
modify the environment, this may change rather dramatically as replication processes 
proceed. The quantity of readily available matorial could be reduced by many orders 
of magnitude, Because of this, interior -field SRSs may change their work scope and 
concentrate, for example, on parts production and assembly. The mining and raw 
materials processing facilities would be recycled and utilized elsewhere in the produc'^ 
tion loop. The feedstock or parts for final manufacturing would come from external 
SRSs which could either increase feedstock or parts production or would emphasize 
mining and new materials processing while reducing their own production in these 
areas. All management and control systems should bo capable of directing and optimiz- 
ing these changes in BRS fields. 

The BRS management and control systems described in this x’eport require 
the primary initial "seed" SRS to include nil Level 1 and Level II capabilities in its 
instruction program (Fig. 22), During self replication, an SRS passes on only the 
subordinate programs to the replicas while retaining its own supervisory progTam ^ 
instructions. Tlie irdtial SRS must contain complete instructions and information for 
the final organization of the entiie differcjitiated or undifferentiated field which 
ultimately is to bo constructed. This includes the ma.ster plan for the final layout 
and configuration of the vai'ious SRS fields and individual BRSs and for the various 
useful output pi’oducts. 
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Figure 19. Levels of SRS management and controls 
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Figure 20. Level I management and control communications. 
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OTHER LEVEL I SRSi 


Figure 22. injCormation replioetion. 





V, SIUiKCTEI) ARKAS ERQUIRINC, ADDITIONAL WORK 


Aftei' having establlshod a haaio SRB managemont ami conli’ol model, it becomes 
apparent tluvt certain closely related issues need definition. The following represents 
some of the questions to be answered! 

1) The lowest level of managomont and control in this aiodol is the Individual 
SUB (Level 1). How much lower must nmnagoment and control penetrate the 
Individual SUB building blocks and elements? What is the internal SRS distribution 
of AMCs and EMCs? How does the distribution differ between the two? 

what arc the physical ami i)orformanco character isties (at this time in gross 
terms) of the required computer soft and hardware based on the requirements out 
lined in this report? What order of magiiitude information storage and processing is 
required? 

3) What is the scope of human intervention in the operation of the three levels 
of SRB organimtion? At what points in the management and control systems would 
the intervention take place? In what forms would those interventions be carried out? 
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